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Igdateltstvo "NAUKA", 1965

SUMMARY

Various models of the godiacal dust are discussed. It is shown
that the circumterrestrial dust cloud contributes essentially to the
brightness of zodiacal light and provides for no less than one tenth
of the observed brightness.

*
¢ [ ]

The results of measurements of dust particle flows, conducted
with the aid of rocket and satellites, have shown that there exists in
the vicinity of the Earth a relatively dense dust cloud. According to
analysis by Whipple [1] the dependence of the particle flow N on the
distance h from the Earth's surface is determined by a function of the
form N(h) ~ h=1+%, Soberman and Della Lucca [2] obtained a dependence
N(k) ~ h~lel (Fig.1), and Nazarova [3] found N (h) ~ h~l, These depen-
dences are found by measurements with the aid of ecoustic detectors, sen-
sitive to particles with mass > 10~9 g, which corresponds to particles
with radius of the order of 1l0Omk. Assuming even the slowest variation,
that is, N (h) ~ h~l, the mesn value of the flow in the region of the
sphere of Earth's attraction (h < 2.6 ©10°km) exceeds by two orders
the value of the flow at the boundary of Earth's action (h =9.3 ¢ 10%km).

Therefore, we may estimate that the mean particle concentration of the
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circumterrestrial dust cloud with radii > 10 mk exceeds the concentra-
tion of the heliocentrical dust cloud at the distance of 1 a.u., from
the Sun by no less than two orders, if we assume at the same time, that
at distances > 106km from ground, the concentration of particles
remains constant and does not decrease as in the vicinity of the Earth.

An estimate of the contribution that might be made by particles
of the circumterrestrial dust cloud to zodiacal light and F-corona is of
interest. With this in view, we computed for the eclipfic the brightnesses
conditioned by the heliocentrical dust cloud and those due to the circum-
terrestrial dust cloud, It was then admitted that the latter spreads to
distances of 2.6 - 107 km from Earth, that is, to the boundary of Earth's
attraction, while the dust concentration of the former at the distance
of one astronomical unit from the Sun correcsponds to the concentration
obtained from rocket measurements at the distance of the order of 106 km,
thaet is at the limit of Earth's sphere of actionm.

If dA is the element of dietance A between the observer and
the scattering element along the visual ray (Fig.2), a is the radius of
particles, n (a, r) is the concentration of particles at the distance »
from the Sun, ¥(©, a) is thescattering indicatrix, I, is the solar
radiation flux at the distance R=1,5 108km from the Sun, the flux
of light DB, scattered per unit of solid angle at the scattering angle @
will be

dB = Io( -?— )znaztp (6, a)n(a r)dadA. (1)

The brightness B, conditioned by the heliocentriczl cloud, is
determined by the double integral

S S gl -$ (0, a)n(a, r)dadA. (2)
g, 0

1

Taking into account that

R sin® sine
r sine and dA=R Sin? 0 df
and assuming that
*da
n(a,r)=C(—I?)——-,
r/ ar

where C,a and p are constants, we shall obtain




o , o
B(e) = nloRC cosect+e ¢ | l’ﬂg—f;‘f—e— dadp. -(3)

a‘ e
We have admitted that the scattering indicatrix consists of two
addends  ¥(8,a) = VYa(V,a) + $2(0) , the first of which being determined by
diffraction, and the second by the reflection, in the assumption, that
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Fig.1l. - Depencence of F ig. 2. - Scheme of Sun's (S),
the flow N (m~2sec1) Earth's (T) and of considered
of dust particles on the element's (M) positions

distance h (km) from
the Eerth's surface [2].

particles are sphere-liie and that the intensity of the reflected light
is subject to Lambert law, that is

w,(ﬁ):éﬁ; (sin® — @ cos 0), (4)

where A is the albedo of scattering particles. For the diffraction part
of the indicatrix we may admit the function

1 J®(zsinB)

WO O= e e

where J; (z) is a Bessel function of 1lst order, x= 2:wa/A, Ais the
wovelength of incident radiation acsumed to be equal to 0.58 mk., Then
siu* 8 [ J(xsinB)
a*2 L sin?@

B(e) = IRC cosec't* ¢ S S +§%(Sin 0 —0cos 9)] X dadb.  (6)
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Breaking down the brightness of scattered radiation into two com-
ponents — the diffraction By (€) and the reflection B, (t), we shall obtain
B{e) = Ba(e) + Br(e),

where % 4
B,(e)= ——AIoRC cosecta g | §

a; €

sme

{sin 8 — O cos B)dadﬂ {7}

p—3 al2 x, 5in @ 7.2
By(e) = IRC (% ) cosec!t* g S sin*+7-50 do S : (z) (8)
. [ x; 5in 6

A new integration variable z=xs8in € is introduced in the last
integral., Formulas (7) and (8) are derived for the heliocentrical cloud.
If we admit for the sake of simplifications of calculations, that the con-
centration of particles in the circumterrestrial dust cloud does not depend
on distance, that is, if we assume n (a) =C' da/aP, where C' is the mean
value of the coefficient C for A £2,6 » 10° km, the corresponding bright-
nesses B (e) and BJ(€), conditioned by the circumterrestrial dust cloud,

will be determined by the formulas:
9 e, B(e)
B/ (e)= —AIDRC' cosec & S S

a &

(sm 0 —0cos 6) dad0 (9)

. ege) x,8in @
Bd (e) = IoRC'(%?- )p 3c05c-ce 3 sin?~30 d0 S

[ x,sin 6

Ji(—? dz, (10)

that can be derived directly or obtained from (?7) and (8), if we assume
@ =0, change the upper integration limit over © and introduce C' 4n
place of C. At the same time the upper limit of © (£&) is determined from
the correlation

26- 105) (11)

ctg O = cosec 9( cosec — s

The values of the Bessel function Jl (z) were borrowed from the
tables of [4], where this function is tabulsted for z £ 25, For z D25 we
used the asymptotic forrula

n@=Y2sn(:=7), (12)
which, for the case p=1U4, gives
g I (z) _ (1—-sin222_ ) 1
S dz—-—F (2) —r— 1) (13)

2
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where .
1—sin2z; cos2z

2212 ' 24

Fz (21) = — 2si 221,

at the same time, for 222 > 100 we utlized the aymptotic formula

9z = T 00522
2=y 223
For the case p=3
& e 1 1 |
S 4 (z) dz = — [Fi(z‘)—-;z—] (14)
where 7y 2 T
in 2z
Fy (zi) = ——1—— SII; ! + 2¢i 2z,.
2 1

sin 222 -

Here, for 2z, > 100, the asymptotic formula ci2z=
2

was utilized, Assuming

2 Cda E
H.(e) = P IoR cosectt> ¢ S e S sin® 0 (sin 6 — 0 cos 0) d0,

ay [ 1

n/2 x; St 8

2 \r-3 . 2
Ha(e) = IR (T,t\ cosec’** e 5 sin®+r-39 4o S L (_z dz,
' ' e x;8in @ zr
2 a, d B(e)
’ a - -
H/ (e)= 3—n—loR cosec & S po g sin 0 (sin 0 — 0 cos 6)d0.
, Oy \ p-3 0(e) " x,8me s
Hy (e} = IR (_u\ cosece S sinP—5 0 do S 72@) dz,
A e x 8n@ 22

we tshall have
B.(e) = CAH.(e),

Bgy(e) = CHga(e), (16)

B/ (e) = C'All, (e),

By (e) = C'II{ (e).

If we admit I, =6.8 » 107, the brightnesses obtained by (15) and

(16) will be expressed in units of solar disk's average brightness. The
functions g, (e). Ha(e)., H/(e) and M/ (e) are computed by us for the values
Pp=3 and p=4& and for ay =1 and 8y = 10mk. The value of the upper
limit of a; was taken equal to 1cm. When computing H, () and Hy (£),



it was taken into account, that no particles of dust exist at all inside

a sphere of radius equal to 0.1 a.u. around the Sun (empty zone). At com-
puting Hy (€) a correction was made for the finite dimensions of the Sun
ueing a method expounded in [5] eand applied in [6], by way of introduction
of a multiplier p (&), the values of which varying approximstely from 2 to 1
at change of elongztions from 20' to 2°., Naturally, these corrections have
a meaning only for the inner F-corona and already at &> 2° p(e) = 1.

The graphs of the functions H.(e), Ha(e), H/(e) _and Hs(e) for diffe-
rent values of &) are plotted in the logarithmic scale in Figs 3 and &,
For comparison the course of brightness variation of the F-corona and of
zodiacal light as a function of elongation is also shown in relative units.

The total brightness of the zodiacal light will be determined by
the formula

B =B, + Ba+ B/ + By = CAH, ¥ CHy + C’'AH,’ 4- C'H{ =

where =85+ 0Ty

S; = AN, + 11y, T:= AH’ + I

Being only interested by the order of the investigated quantities,
we ascsumed A =0.l., If we postulate that C =kC', we shasll have

B=2C'(kS; + Ty),

where C' 4is the mean value of the coefficient C for the circumterrestrial
dust cloud. In correspondence with the above-said, k does not exceed the
value k = 1072, '
The constant C' can be determined by formula (18), provided we use
the valuee of the function Ti"’ kSy, computed for various models of the
dust cloud and for the observed brightnesses of the F-corona and of zodiacal
light., If, at the same time, it is found, that the obtained values of C!
vary significantly within the considered elongation interval, such a model
can not be accepted, for the obtained brightness course for it,as a function
of elongation,will not correspond to that observed. Besides, when selecting
the dust cloud model, we may compare the absolute values of C' found by (18)
with its value obtained as a result of rocket measurements.



Evidently, this second criterion is less reliable than the first

one, based upon the comparison of the computed relative course with the

observed.
According to the data of [2] g

we may admit, that for particles with :; f

radii a > 10mk, the mean value of the 1§ o=

flux N (a) for the circumterrestrial :’; .

dust cloud is 10~ m™< sec™t, If we 12
LR 1 ek

take for particle velocity V =20km/s, 10

the corresponding value of concentra- RIS

tion will be 1L T weti
6t

n(a) =2N(a) fy = 10713 cm’3, d -
that 1s Y™z, %, - Functions H#Hy H. Hd
T C,da ’ 3
n(a) = S - = 10-13. and 4, forv models with p= 4.

16-?

This gives for C' the following values as a function of the admitted

value of p:

C' =2 ¢10°Y for p=3,
C' =3 -10"22 for p=4,
The values of the coefficient C', obtained in (18) for various

models of the dust cloud at p =4 are compiled in Table 1, and those
for models p =3 , -~ in Table 2. The models considered differ by radii a
of the tiniest particlees present in the cloud. The letter T refers to the
circumterrestrial cloud, and S — to the heliocentrical one. Therefore,
To,3 + 81+ for example, serves as denotation of a model in which the
circumterrestrial cloud has particles of radius a >0.,3 mk, and the helio-
centric cloud - particles with radius a >10mk. For illustration, we
brought out irn the last three columns the values of the coefficient C,
obtained without taking into account the circumterrestrial cloud. In the

second column of the Tables, F-corona brightnesses were borrowed from [6]




TABLE 1

Be s10del

and those of zodiacal light — from [7]; both are expressed in units
of solar disk's average brightness. In the upper pert of the Table, we

brought up the multipliers vointing to number order of each column.
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In Table 3 we compiled the values of brightness, contributed by
the circumterrestrial cloud to the total brightness of zodiacal light for
all models with p=~4 (for elongations 70°, 80° and 90° these values were

obtained without taking account of diffraction); the brightness values are
expressed in percent,

TABLE 3
p =4
No. of the model ¢ No. of the model
€ 1
i—3 4 5 6 7 8 9 i—3 l & ' 5 6 7 8 g
20" {100} 2] 2| 8| 213 |12 ||a° {10018 7 | 2 |58 |9 |53
30 100] 2| 2131 3 (23 |2 {|as°|{10{19]7 | 2 | 58|95 |51
40" {100] 2] 3|16 | 3 |34 {34 {|40°]100 {197 | 2 |56 | 94 |48
50 |100| 2| 3|19 | 3 |48 | 46 {{45°{100]19 |6 | 3 |51 | 93| 46
1°{100| 2| 312 | 4|59 |57 ||50°|100[18}7 | 4 | 49 | 92 | 47
2¢ 1100 | 3{ 6|12 | 7 |8 |83 ||55°({100|16|8 | 4 | 45 | 91 | 50
3°1100] 3| 9|12 {11 {91 |89 ||60°{100 |17 |9 | 5 | 44 | 90 | 51
5°1100| 4|12] 6|19 )93 | 9 |70°|100[19!9 | 6 | 45 | B9 | 52
10°|100| 814 3 |41 {64 |8 |[80°|100|17]9 | 8 | 4l | 87 |55 i
1511001111 71 2|53 {9 {60 ilo0°l100116|9 | 9 |39 |86 |56,
TABLE &
p=3
1 No. of the model , No., of the model 1
€ ‘ | ‘ €
,_3‘4153617!” 1—314’5]6'7]8
i
on’ a
20 | g | 1 12 §f 30°> {100 ] 3 1 10 14 4
30" | 109 ? w7 tae o 3o w0 32| 9| 13| 4
40° {100 7 |16 | 7| 20 | 22 || 40° | 100 3 | 2 a | 12 5
S ligo| g || 7] 27 | 2 |} o°j100) 4 13 ) 8 11 5
1° {wo| g | 18| 8 32 | 3 | 50° 100 4 | 3 g | 1l 6
2° 1100 | 19 | 12 | 10 | 45 | 46 | 55° | 1004 5 | 4 8 | 7
3° {100 | 11 | B | 12| 44 | 43 || 60° 100 6 | 5 | 9 8
° 100 | 15 9 18 28 24 70° | 100 6 6 10 13 8
10° 16| o | 1| 6| 19| 10 || 80 |100| 7 | 7 | 11 | 15} 9
15° 1100] 3 112 22 5 g0° | 100} 8 8 12 16 11

As may be seen from these tables, the circumterrestrial cloud
contributes perceptibly to the brightness of zodiacal light (models 10,
11 and 12 cannot be considered independently).

- If we apply the above-indicated criterion, estimating, for example,
as nonreal a model, for which the values found for C' within the considered
interval of elongations vary by more than 5 times, then for p =4, all mo-
dels, except 5, 6 and 9, should be rejected. For the models 6 and 9, the
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values o©f C have the same order as those found from rocket data, and for
the model 5 they differ by one order. In this was, the models 5, 6 and 9
may have a real sense. Models 4, 5 and 6 assume that the circumterrestrial
cloud consists of the same dust particles as the heliocentric one. It may,
however, be assumed , that inside the sphere of Earth's attraction, there
may exist tinier particles that wouldbgwept out in the free interplanetary
space by Sun's light pressure. In connection with this, we shall examine
the models 7, 8, 9 ( for p=i).

Model 2 also deserves attention for p =4 (circumterrestrial cloud
with particles a > 1 mk), which gives a good brightness course along the
ecliptic over the entire elongation interval except & < 1°, This model may
fully explain the observed brightness course of the F-corona and of the
Zodiacal light as a functicn of elongation, provided we assume, that there
exists near the Moon a circumlunar dust cloud assuring in the immediate vi-
cinity of the lunar limb near 90 percent of the observed brightness. As to

luminescence isophots, conditioned

t
: by model 2, they may be obtained

14
after the shape of the circumterres-
trial cloud has been obtained.

The relative contribution of

: the ecircumterrestrial dust cloud for
7l models with the parameter p=3 to

5 the total brightness of Zodiacal light
5 is as significant as for models with
;l | p =4, This may be seen from Table &,
2 where the values of Bt/ (B' + B),

20 0w 2 5' 5 _m" /5"23'}01'&5’“;;1" ‘;l?e expressed in percent, are compiled
Fig. 4.~ Functions Hy, Hp, H'y for models with p= 3.

and HY% for the models with The choice of either model

p =3. is not on the terms of reference of

the present work plan. However, the
analysis, just conducted, of various possible models shows that the circum-
terrestrial cloud must in any case contribute substantially to the total
brightness, assuring on the ecliptic and in the cone region of the Zodiacal



light at least near 10 percent of the observed brightness of the Zodiacal
light. Judging from the course of brightness along the ecliptic, there is
no basis for the exclusion of the possibility that the Zodiacal light is
fully explained by the circumterrestrial dust cloud (model 2 with p =4,
and model 1 with p=3). More precise conclusions on the role of the cir-
cumterrestrial dust cloud could be made only on the basis of results of
especially assigned observations of Zodiacal light, for only such observa-
tions can lead to the solution of this complex question.

sxss THE END =xxss

Odessa Polytechnical Institute Received on 21 May 1964
Contract No. NAS-5-3760 Translated by ANDRE I, BRICHANT
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